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ABSTRACT 

Quar te r ly  r epor t  on JPL Contract 952297 f o r  a 20 CM E l e c t r i c  
Thrus te r  Power Conditioner and Support Equipment, descr ibes  
progress  i n  #breadboard modi f ica t ion  phase. 
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INTRODUCTION 

During the  per iod  between t h i s  and the  l a s t  r epor t ,  dated 30 September 1969, 
many changes i n  t h e  system had been made and r e d i r e c t i o n  of e f f o r t  was accomp- 
l i s h e d  t o  provide a system designed t o  m e e t  t he  requirements imposed by a 
hollow cathode t h r u s t e r .  I n  the  l a s t  t h r e e  months, t h e  breadboard model was 
returned t o  Hughes f o r  modi f ica t ion  from t h e  oxide cathode design t o  t h e  
hollow cathode design.  The work was performed under con t r ac t  modif icat ions 6 ,  
8, and 10. Work on t h e  breadboard was completed on 20 August 1970 and t h e  
u n i t  was acceptance t e s t e d .  The tes ts  were passed and the  u n i t  shipped on 
25 August 1970, one week p r i o r  t o  scheduled de l ive ry .  

BREADBOARD MODIFICATION 

Modif icat ion of t h e  breadboard model power condi t ioner  t o  t h e  hollow cathode con- 
f i g u r a t i o n  des ign  i s  descr ibed he re in  and i s  designated a s  BB-l/M-l.  
r u l e s  being used f o r  t h i s  modif icat ion a r e  t h a t  no changes w i l l  be made un le s s  
they  a r e  requi red  t o  m e e t  t h e  e l e c t r i c a l  s p e c i f i c a t i o n .  Weight, e f f i c i e n c y  and 
r e l i a b i l i t y  w i l l  no t  be s p e c i f i c a l l y  considered except  i n  those  cases  where the  
supply w i l l  be used d i r e c t l y  i n  t h e  experimental  system. 

The ground 

The system being b u i l t  i s  shown i n  Figure 1. The modules under modi f ica t ion  o r  
cons t ruc t ion  a r e  l i s t e d  below wi th  the modi f ica t ions  t o  t h e  u n i t s  descr ibed i n  
t h e  corresponding s e c t i o n s :  

1) Arc supply 
2 )  Control module 
3) Line r egu la to r  
4 )  5 KHz i n v e r t e r  
5) Cathode modulator 
6) Accelera tor  
7 )  T e s t  console  

With t h e  inc rease  i n  l i n e  vo l t age  minimum t o  53 v o l t s  a number of changes re- 
su l t ed .  The l i ne  r e g u l a t o r  output  vo l t age  was r a i sed  t o  decrease t h e  load  cu r ren t  
caused by increased  power de l ive red  by t h e  5 KHz i n v e r t e r .  As a r e s u l t ,  a source 
f o r  35 v o l t s  used f o r  base d r i v e  i n  a l l  t h e  o t h e r  i n v e r t e r s  was added t o  t h e  5 KHz 
i n v e r t e r .  The o ld  magnetic modulator and a c c e l e r a t o r  s t i l l  requi res  70 v o l t s  m s  
square wave f o r  opera t ion ,  so  t aps  were added t o  t h e  5 KHz i n v e r t e r  ou tput  t r a n s -  
former while  the  cathode modulator ob ta ins  i ts  d r i v e  d i r e c t l y  from t h e  c o l l e c t o r -  
t o - c o l l e c t o r  vo l tage .  Some a d d i t i o n a l  f i l t e r i n g  was added i n  t h e  5 KHz i n v e r t e r  
low vol tage  suppl ies .  The a c c e l e r a t o r  output  t ransformer was redesigned t o  
opera te  a t  49 v o l t s  input  and one k i l o v o l t  ou tpu t .  The a r c  supply output  t r a n s -  
former and f i l t e r  was modified t o  t h e  new requirements.  

The test  console  loads a r e  being modified i n  a fash ion  s i m i l a r  t o  t h e  test  con- 
s o l e  remaining a t  JF'L. 

The phys ica l  l ayout  of t he  modules i n  t h e  frame i s  shown i n  Figure 1. The a r c  
r e c t i f i e r  f i l t e r  has been moved t o  the  p o s i t i o n  previous ly  occupied by t h e  cathode 
inverter.  
r ec t i f i e r  f i l t e r  was and t h e  cathode modulator rep laces  t h e  a c c e l e r a t o r  l i n e  

The a r c  output  t ransformer i s  mounted i n  t h e  space where t h e  a r c  
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r egu la to r .  
c lo se  t o  t h e  i n v e r t e r  and r e c t i f i e r  f i l t e r  module. 

This arrangement phys i ca l ly  loca t e s  t h e  a r c  output  t ransformer 

SECTION 1 - ARC SUPPLY 

The a r c  i n v e r t e r  was modified t o  provide cu r ren t  l i m i t  by t h e  a d d i t i o n  of an 
ampl i f i e r  t h a t  over r ides  t h e  vol tage  r e g u l a t o r  c i r c u i t r y  when t h e  p r e s e t  cu r ren t  
i s  exceeded. The a m p l i f i e r  i s  connected t o  t h e  anode of t h e  re ference  zener 
(nega t ive  re ference  vol tage)  which sets t h e  output  vo l tage .  As t h e  output  cu r ren t  
a s  sensed i n  t h e  r e c t i f i e r - f i l t e r  module reaches t h e  con t ro l  s i g n a l ,  t h e  a m p l i f i e r  
s t a r t s  t o  r a i s e  t h e  r e fe rence  s igna l  toward zero thus  reducing t h e  pu l se  width 
which holds t h e  cu r ren t  cons tan t  f o r  varying load r e s i s t a n c e .  

The ampl i f i e r  ga in  was chosen t o  hold t h e  output  cu r ren t  t o  wi th in  one percent  of 
f u l l  s c a l e .  
9.0 2 0.09 amperes a t  +5 v o l t s  i n .  
f o r  var ious  input  command vol tages  (F igure  2) .  

The con t ro l  s i g n a l s  were p r e s e t  t o  2.0 2 0.09 amps a t  0 v o l t s  and 
The accompanying curves show load  r egu la t ion  

The r e c t i f i e r - f i l t e r  module was r e b u i l t  t o  handle t h e  higher  cu r ren t  by changing 
t h e  diodes t o  30 ampere u n i t s  and adding a new choke. The output  t ransformer was 
a l s o  redesigned t o  t ake  advantage of t h e  h igher  input  l i n e  vo l t ages .  By decreas-  
i ng  the  tu rns  r a t i o ,  t h e  pulse  width can be increased  a t  low l i n e  and thus  reduce 
t h e  switching l o s s e s .  

The r egu la t ion  curves a r e  shown i n  Figure 2 ,  whi le  t h e  te lemet ry  curves a r e  given 
i n  Figures  3 ,  4 ,  5, and 6 .  Figures  7 and 8 show t h e  vol tage  suppl ied  by t h e  a r c  
supply p r i o r  t o  condi t ion ing  by the  te lemet ry  ampl i f i e r .  

SECTION 2 - CONTROL MODULE 

Modif icat ion of t h e  c o n t r o l  module includes the  following : 

1) Modif icat ion of t h e  cathode con t ro l  a m p l i f i e r  t o  a cathode vapor izer  con t ro l  
ampl i f i e r .  

2) Modif icat ion of t h e  a c c e l e r a t o r  te lemet ry  ampl i f i e r .  

3) Modif ica t ion  of t h e  a r c  vol tage  te lemet ry  ampl i f i e r .  

4 )  R e w i r e  t he  i n t e r n a l ,  ex t e rna l  re ference  swi tch  t o  provide e x t e r n a l  a r c  con t ro l .  

5) Modify t h e  c i r c u i t r y  f o r  on-off con t ro l  of t h e  cathode vapor izer .  

6 )  Change t h e  command wir ing  t o  the  command memory r e l ays  K1 and K2 and u t i l i z e  
t h e  con tac t s  of K1 f o r  a t h r e e  command t u r n  on sequence of power suppl ies .  

7) Change t h e  undervoltage s e t  po in t .  

Discussion o f  Changes 

I t e m  1 - The a m p l i f i e r ,  which was formerly used t o  con t ro l  t h e  cathode power, 
w i l l  be modified t o  the  conf igura t ion  shown i n  t h e  drawing. 
v ide  t h e  con t ro l  func t ion  necessary t o  meet s p e c i f i c a t i o n  requirements.  

This  w i l l  pro- 
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The ampl i f i e r  compares two input  s i g n a l s .  
t h e  o t h e r  a r c  vo l t age  represented by a 0 t o  +5 v o l t  s igna l  f o r  30 t o  40 
v o l t s  a r c  vol tage .  The feedback s i g n a l  thus  r ep resen t s  4 v o l t  per  v o l t  of 
a r c  vol tage .  The ampl i f i e r  output  con t ro l s  t h e  vaporizer  c o n t r o l l e r  which 
has a ga in  of two amperes f o r  f i v e  v o l t s  i npu t  change. I n  o r d e r  f o r  t h e  
AI3/AE4 ga in  t o  be 6A/volt ,  t h e  a m p l i f i e r  g a i n  must t h e r e f o r e  be 30 v o l t s  
per  v o l t :  

One i s  t h e  a r c  vol tage  re ference ,  

= 30 Slope 6 A/V - 
1 V  
2 v  . - -  = 2 A  

A - 
amp Acont* '5 

The b i a s  vo l t age  i s  then appl ied  t o  the  non-invert ing s i d e  of t h e  ampl i f i e r  
so  t h a t  t h e  cathode vapor izer  cu r ren t  i s  n o t  reduced u n t i l  t h i s  p r e s e t  l e v e l  
i s  h igher  than  the  feedback vol tage .  

I t e m  2 - The a c c e l e r a t o r  vo l tage  te lemet ry  ampl i f i e r  w i l l  be modified t o  
have t h e  same ga in  bu t  d i f f e r e n t  b i a s  po in t .  The o ld  requirement was a 0 t o  
+5 v o l t  s i g n a l  f o r  1700 t o  2100 v o l t s ,  whereas t h e  new requirement i s  800 t o  
1200 v o l t s .  I n  both cases  t h e  AE i s  400 v o l t s .  

I t e m  3 - The a r c  vo l t age  te lemet ry  a m p l i f i e r  r equ i r e s  modi f ica t ion  due t o  
t h e  d e l e t i o n  of t h e  a r c  cu r ren t  compensation i n  the  a r c  i n v e r t e r .  
change was requi red  t o  convert  the  c i r c u i t  t o  a cu r ren t  l i m i t e d  supply. The 
unmodified a m p l i f i e r  was cu r ren t  compensated t o  t ake  out  t h e  compensation 
added t o  t h e  s i g n a l  i n  the  a r c  i n v e r t e r .  The new ampl i f i e r  must now compen- 
s a t e  i n  t h e  oppos i te  sense due t o  t h e  drop i n  output  vo l tage  caused by l o s s e s  
i n  the  output  f i l t e r .  

This  

I t e m  4 - Switch S-1 previous ly  switched t h e  a r c  re ference ,  which was f e d  i n t o  
t h e  cathode con t ro l  ampl i f i e r ,  from an e x t e r n a l  source t~ t h e  func t ion  gen- 
e r a t o r .  The switch now selects t h e  same two inpu t s  bu t  feeds t h i s  s i g n a l  t o  
t h e  a r c  power supply which conta ins  the  con t ro l  ampl i f i e r .  

I t e m  5 - I f  t h e  opt ion  of t h e  use of t h e  "ON-I" command t o  s t a r t  t h e  Group I 
suppl ies  ( t h r e e  i n s t e a d  of two groups) an  on-off s igna l  i s  requi red  f o r  t h e  
cathode vapor i ze r  supply.  This func t ion  i s  provided by a t r a n s i s t o r  which 
s h o r t s  t h e  output  of t he  a m p l i f i e r  and reduces t h e  cathode vapor izer  cu r ren t  
t o  near  zero.  

I t e m  6 - A r e c e n t  communication wi th  JPL i nd ica t ed  t h e  d e s i r e  t o  break the  
power suppl ies  i n t o  t h r e e  groups. This can be done by rewir ing r e l a y s  Kl 
and K2 t o  reverse t h e  input  cormnands and move r e l a y  K2 t o  t h e  on I pos i t i on .  
Relay K2 then  i s  wired t o  t u r n  t h e  two vapor izer  suppl ies  on wi th  an  "ON 11" 
command. 

I t e m  7 - A s i n g l e  r e s i s t o r  changes t h e  vo l t age  a t  which the  power cond i t ione r  
s h u t s  o f f  due t o  a drop i n  t h e  s o l a r  panel vo l tage .  

SECTION 3 - LINE REGULATOR 

The bas i c  5 KHz l i n e  r e g u l a t o r  requi red  minor modi f ica t ions  f o r  u se  i n  BB-l/M-l. 
Only t h e  regula ted  output  v o l t a g e  was changed. 
allow a minimum s o l a r  panel  vo l t age  of 53 v o l t s ,  t h e  regula ted  output  vo l tage  was 

Since system requirements now 

3 



changed from 35 v o l t s  t o  49 v o l t s .  Res is tor  R16 was r e se l ec t ed  f o r  a 49 v o l t  
ou tput  vo l tage .  Funct iona l ly ,  t h e  l i n e  r egu la to r  suppl ies  prime power t o  t h e  
a c c e l e r a t o r  i n v e r t e r  and d r i v e  and prime power t o  t h e  5 KHz i n v e r t e r .  
s t eady- s t a t e  load on t h e  l i n e  r egu la to r  under t h i s  conf igura t ion  i s  es t imated 
t o  be 185 %Yatts. 

Maximum 

The cu r ren t  l i m i t  func t ion  provided by two ampl i f i e r s  and a cu r ren t  sense  res is t -  
o r  w i l l  be removed i n  the experimental  u n i t s .  The need h r  t h i s  l i m i t  a r o s e  due 
t o  redundancy of t h e  5 KHz i n v e r t e r .  Should a s h o r t  have occurred i n  t h e  Prime 5 
KH i n v e r t e r ,  t he  l i n e  r egu la to r  would have been l o s t .  The experimental  systems 
do not  u se  a redundant 5 KHz i n v e r t e r  so  t h i s  func t ion  i s  not  requi red .  

SECTION 4 - 5 KHZ INVERTER 

The 5 KHz i n v e r t e r  a s  used i n  BB-l/M-l i s  a s i n g l e  i n v e r t e r  with prime and d r i v e  
power suppl ied  by t h e  l i n e  r egu la to r .  The b a s i c  i n v e r t e r  i s  s i m i l a r  t o  t h a t  used 
before ,  however, t h e  output  conf igura t ion  has changed. The primary of t h e  output  
t ransformer has t a p s  on each s i d e  of t h e  cen te r  t ap ,  r e s u l t i n g  i n  an  au to- t rans-  
former conf igura t ion .  
and a c c e l e r a t o r  i n v e r t e r  a t  70 v o l t s  peak. 
power t o  t h e  cathode modulator a t  96 v o l t s  peak. 
e x c i t a t i o n  t o  t h e  a r c  cu r ren t  sense c i r c u i t .  
assoc ia ted  r e c t i f i e r / f i l t e r s  provide t h e  var ious  DC housekeeping vol tages .  The - + 12 v o l t s  and ,+ 5 v o l t  supp l i e s  a r e  b a s i c a l l y  unmodified except LC f i l t e r s  have 
replaced capac i to r s  on t h e  outputs .  A new winding has been added t o  t h e  output  
t ransformer which, when combined wi th  i t s  r e c t i f i e r / f i l t e r ,  provides 35 v o l t s  DC. 
The output of t h i s  supply i s  connected t o  t h e  +35 v o l t  d i s t r i b u t i o n  r ing ,  thereby  
rep lac ing  t h e  l i n e  r e g u l a t o r  a s  a source of regula ted  35 v o l t  power. 

The taps  provide 5 KHz d r i v e  power t o  the  magnetic modulator 
The primary winding provides d r i v e  

A second winding supp l i e s  AC 
Three add i t iona l  windings and t h e i r  

SECTION 5 - CATHODE MODULATOR 

The th ree  new cathode suppl ies  a r e  being packaged i n t o  a s epa ra t e  module c a l l e d  
the  cathode modulator which w i l l  conta in  a l l  t h e  con t ro l  c i r c u i t r y  and magnetics 
except t he  remote t ransformer f o r  the  cathode t i p  hea te r .  The inpu t  power comes 
from t h e  c o l l e c t o r - t o - c o l l e c t o r  vo l tage  i n  the  5 KHz i n v e r t e r  a t  96 v o l t s  peak. 

The cathode t i p  hea te r  i s  con t ro l l ed  by a d i g i t a l  "one" o r  "zero" suppl ied  by 
ex te rna l  command. 
n a l  a t  ground which sets t h e  output  a t  minimum cur ren t .  
not  go t o  zero due t o  magnetizing cu r ren t  i n  t h e  magamps. The output  cu r ren t  is ,  
however, held t o  a low va lue  a s  can be seen i n  Figure 9.  The r egu la to r  c i r c u i t r y  
i s  almost i d e n t i c a l  t o  t h e  magamp regu la to r s  i n  the  magnetic modulator except f o r  
t he  use of or thonal  m a t e r i a l  f o r  magamp cores  and t h e  compensation networks. 
Orthonal has a much higher  permeabi l i ty  p e r  u n i t  volume than  the  Hy-Mu 80 used 
previously and thus ,  t h e  weight and volume i s  reduced. The r egu la t ion  of t h e  
supp l i e s  i s  much improved by adding a diode, r e s i s t o r  and capac i to r  t o  t h e  c i r -  
c u i t s  used i n  t h e  previous modulators. 

The +5 v o l t  "one" s i g n a l  t u rns  43 on holding t h e  re ference  s i g -  
The output  cu r ren t  does 

The cathode keeper vo l t age  te lemet ry  i s  provided i n  a manner d i f f e r e n t  from t h a t  
provided i n  t h e  n e u t r a l i z e r  keeper due t o  the  h igh  vol tage .  A small ,  high v o l t -  
age i n s u l a t e d  t ransformer senses t h e  AC vo l t age  a f t e r  t h e  choke i n  t h e  low v o l t -  
age l e g  of t h e  supply.  
r e c t i f i e r  a s  can be seen i n  Figure 10. 
ou tput  cu r ren t  i s  shown i n  Figure 11. 
l i n e s .  

The output  i s  no t  l i n e a r  due t o  t h e  drops i n  the  output  
Output c u r r e n t  te lemet ry  vol tage  versus  

Figue 12  shows the  cathode keeper load  
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A cathode vapor izer  con t ro l  curve i s  shown i n  Figure 13,  while  t h e  te lemet ry  
curve f o r  cu r ren t  i s  shown i n  Figure 14. The c i r c u i t r y  i s  nea r ly  i d e n t i c a l  t o  
t h a t  of t he  cathode. t a p  h e a t e r .  

SECTION 6 - ACCELERATOR SUPPLY (PS-6) 

The a c c e l e r a t o r  supply i s  a s i n g l e  i n v e r t e r  de l ive r ing  -1000 v o l t s  DC a t  a nominal 
cur ren t  of 0.01 amps. 
stress levels w e l l  w i th in  t h e  component's r e l i a b l e  opera t ing  range, thereby e l imin-  
a t i n g  t h e  need f o r  a redundant i n v e r t e r .  
vo l tage  feedback f o r  output  r egu la t ion  i s  necessary because a l l  input  power i s  
regula ted  and the  output  load v a r i e s  between 5 and 1 0  mAmps t y p i c a l l y .  Drive 
power t o  t h e  base of t h e  output  t r a n s i s t o r s  i s  a 5 KHz regula ted  square-wave coming 
from t h e  5 KHz i n v e r t e r .  Prime power t o  the  cen te r  t a p  of output  t ransformer i s  a 
regula ted  49 v o l t s  from t h e  l i n e  r egu la to r .  
approximately 50 mAmps can be suppl ied  wi th  dera ted  performance. 

A nominal s t eady- s t a t e  power level of 10 wa t t s  y i e l d s  

No pulse-width-modulation o r  cu r ren t /  

Maximum output  power demands of 

A +5 v o l t  s i g n a l  from t h e  con t ro l  module grounds t h e  center - tap  of t he  d r i v e  
t ransformer through a t r a n s i s t o r  and al lows t h e  i n v e r t e r  t o  opera te .  
con t ro l  s i g n a l  drops t o  0 v o l t s ,  t r a n s i s t o r  t u rns  o f f ,  opening t h e  ground r e t u r n  
t o  the  d r i v e  t ransformer,  and t h e  i n v e r t e r  t u r n s  o f f .  S t a tus  of t h e  con t ro l  
s i g n a l  i s  dependent on e i t h e r  t h e  command mode o r  overload t r i p  a s  determined by 
the  con t ro l  module. 

When t h e  

The change i n  t h i s  module i s  the  output  t ransformer only.  This m du le  i s  t h e  
newly designed u n i t  suppl ied  t o  JPL during i n t e g r a t i o n  t e s t i n g .  *he load regula-  
t i o n  curve i s  shown i n  F igure  15 and t h e  vol tage  and cu r ren t  te lemet ry  curves 
a r e  shown i n  Figures  16 and 17, r e spec t ive ly .  

SECTION 7 - TEST CONSOLE 

Control Panel - F a i l u r e  mode of t h e  5 KC, cathode, and a r c  i n v e r t e r s  has 
been de le ted .  

The fol lowing a d d i t i o n a l  c i r c u i t s  have been added: 

A 2.4 KC s t a r t  i n v e r t e r  (see schematic).  

An a r c  re ference  vo l t age  of 0-5 v o l t s .  A zener re ference  v a r i a b l e  
supply - 
Cathode t i p  hea te r  con t ro l ,  0 o r  5 v o l t s .  A zener re ference ,  5 v o l t s  
o r  o f f .  

Provis ions f o r  monitoring t h e  a d d i t i o n a l  power condi t ioner  supp l i e s  
and TM channels.  

Command Generator (no change) 

Telemetry Panel - Added te lemet ry  readout f o r  V9 c u r r e n t ,  V 1 0  vo l tage ,  and 
V10 cu r ren t .  

DC power i s  the  same except power supp l i e s  a r e  not  a l l  connected i n  p a r a l l e l  
f o r  low vol tage  (40V o r  less). 
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5) Arc T e s t  (same). 

Meter Enabling C i r c u i t  - This c i r c u i t  opera tes  t h e  same but now con t ro l s  
magnet ( V l ) ,  vapor izer  cathode ( V 3 ) ,  a r c  (V4), cathode t i p  hea te r  (V9), 
and cathode keeper (V10). 
cu r ren t  readings s i n c e  these  a r e  not  a t  h igh  vol tage .  

Meter enabl ing c i r c u i t  does not  con t ro l  t h e  AC 

Magnet Load ( V l )  - same 

Vaporizer Load (V2) (same) 

Vaporizer Cathode (V3) - This load i s  t h e  same a s  V2, above, except a l l  
components and wir ing  a r e  i n s u l a t e d  f o r  high vol tage .  

Arc Load (V4) - This  load i s  t h e  same except f o r  t h e  va lue  of  t h e  loads .  The 
loads s e l e c t e d  by JPL a r e  used, and a r e :  

Open 
Min - 12 t o  48 
2 - 8.6 t o  18.4 
3 - 4.5 t o  6.1 
Max - 3.53 t o  4.5 

Screen Load (V5) - (same) 

Acce lera tor  Load (V6) - This c i r c u i t  i s  t h e  same but  t he  loads have been 
changed a s  fol lows:  

Open 
Min - 195K + 1OK v a r i a b l e  
2 - 95K + 1OK v a r i a b l e  
3 - 70K + 1OK v a r i a b l e  
Max - 20K + 1OK v a r i a b l e  

Neu t ra l i ze r  Heater Load (V7) - Same, except  power condi t ioner  output  t r a n s -  
former i s  loca ted  i n  t h e  t es t  console.  

Neu t ra l i ze r  Keeper ( V 8 )  - (same) 

Cathode T i p  Heater (V9) - Same c i r c u i t  a s  used by JPL. The power condi t ioner  
output  t ransformer i s  loca ted  i n  t h e  t es t  console.  The load can be open c i r -  
cu i t ed  and it can be sho r t  c i r c u i t e d  by t h e  a r c / s h o r t  switches.  
v a r i a b l e  from 1 t o  3.5. 

The load i s  

Cathode Keeper (V10) - The load i s  normally connected t o  the  common connec- 
t i o n  a t  t h e  screen  load through t h e  meter enable  c i r c u i t .  
open c i r c u i t e d  and it can be s h o r t  c i r c u i t e d  by t h e  a r c / s h o r t  switches.  
load i s  60K o r  a v a r i a b l e  load of from 1 0  t o  60. 

The load can be 
The 

S t a t u s  Panel - (same) 
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BREADBOARD ACCEPTANCE TEST 

The r e s u l t s  of t he  acceptance test a r e  t abu la t ed  i n  t h e  appendix. 

EXPERIMENTAL UNITS 

Phys i ca  1 Design and Assembly 

Physical  design and d r a f t i n g  o f  t h e  experimental  system i s  progressing s a t i s -  
f a c t o r i l y  and w i l l  be completed during t h e  month of September. Most physical  de- 
s igns and assembly drawings and a l l  schematics w i l l  be ready f o r  t he  design re- 
view scheduled 1 September 1970. 
begun w i t h  the  o t h e r  modules t o  follow a s  soon a s  chass i s  p a r t s  become a v a i l a b l e .  

Assembly of t h e  screen  i n v e r t e r  modules has 

Trans i s to r s  

T rans i t ron  t r a n s i s t o r s  have been placed on o rde r  which have i s o l a t e d  c o l l e c t o r s .  
The use  of t h i s  modified TO-61 package w i l l  save weight and inc rease  the  r e l i a b i l -  
i t y  of opera t ion  by lowering the  junc t ion  temperatures due t o  lower thermal 
r e s i s t a n c e  t o  t h e  hea ts ink .  The u n i t s  t o  be de l ive red  must meet t h e  s p e c i f i c a -  
t i o n  a t t ached  a s  Appendix 11. 
Trans i t ron  by Hughes so  t h a t  t h e r e  should be no doubt about c o r r e l a t i o n  of measure- 
ments of switching t i m e s .  The u n i t s  should be much f a s t e r  than any de l ive red  t o  
da t e  i n  t h a t  o f f - the - she l f  u n i t s  purchased by Hughes on another  c o n t r a c t  switch 
t y p i c a l l y  i n  % microsecond. 

The test  c i r c u i t  w i l l  be phys i ca l ly  suppl ied t o  

The Dow-Corning R62047 c a l l e d  out i s  t o  p r o t e c t  t h e  t r a n s i s t o r  ch ip  from s h o r t s  
caused by weld s p l a t t e r  common i n  i s o l a t e d  c o l l e c t o r  u n i t s .  
randomly and the  t r a n s i s t o r  s h o r t s  on ly  appear during random v ib ra t ion .  The pro- 
cess of using the  R62047 i s  used by S o l i t r o n  f o r  t h e i r  i s o l a t e d  c o l l e c t o r  package 
and was recommended by Hughes Components and Mate r i a l s  Department f o r  use  i n  t h e  
Trans i t ron  u n i t s .  

The s p l a t t e r  occurs 

Weight Ana 1 ys i s  

The weight reduct ion  s tudy i s  a cont inuing process  during which each s t e p  of 
assembly i s  used t o  hold weight down. 
mounting cups were poorer thermally than  bonding t h e  m a l l  t r a n s i s t o r  cases ,  t op  
down t o  t h e  metal  p l a t e s  by using epoxy. This was t r u e  even when a t h i n  i n s u l a t o r  
was used between t h e  p l a t e  and c h a s s i s .  The removal of these  cups from t h e  system 
i n d i c a t e s  a weight savings of over one-half pound. The use  of 600 v o l t  i n s u l a t e d  
t e f l o n  w i r e  a s  opposed t o  1000 v o l t  i n s u l a t i o n  w i l l  save two-tenths of a pound f o r  
t h e  r e t u r n  wires only.  

A thermal s tudy  showed t h a t  t r a n s i s t o r  

E f f i c i ency  Analysis 

The e f f i c i e n c y  of t h e  a r c  supply de l ive red  on t h e  breadboard u n i t  appears t o  be 
about e igh ty - s ix  pe rcen t ,  
t o  about e ighty-e ight  percent  o r  two percent  less than  t h e  expected. 
be more t h n  o f f s e t  by t h e  f a s t e r  than a n t i c i p a t e d  switching speeds of t h e  new 
t r a n s i s t o r s  a s  used i n  t h e  screen  supply.  E f f i c i ency  measurements us ing  t h e  
slower Trans i t ron  u n i t s  i n d i c a t e  an e f f i c i e n c y  of 92% f o r  t h e  sc reen  system. 

The use of T rans i t ron  t r a n s i s t o r s  should inc rease  t h i s  
This  should 
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ITEMS 

Eout (nonl.) 

rout (nom.) 

Pout (nom) 

% Regulat ion 

E r i p p l e  (peak 

I Limit  

E r i p p l e  + noi ! 

APPEM)IX I 
BREADBOARD ACCEPTANCE TEST DATA 

POWER SUPPLY NO, 1 - MAGNET/MANIFOLD HEATER 

PECIFIED VALUES 

13.0 volts 

0.6 amps 

(13 x 0.6) 8 watts 

- + 1% (12 ma) 

5% 30 ma 

0.6 amp + 10% 

--- 

WAS 
5 3v 

10.40 

.5820 

--- 
5.75 

OK 

.1400 

--- 

{ED VC 
6 OV 

10.35 

.5820 

cI_ - 

--- 
5.75 

OK 

.1400 

UE s 
8 OV 

10.35 

.5815 

5.75 

OK 

.1400 

--e 

. corn -- 
ACCEPT 

?TS 
EJECT 
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% Regulation (I) 

I l i m i t  I 

POWER SUPPLY NO. 2 - MAIN VAPORIZER 

SPECIFIED VALUES 

10.0 v o l t s  

2 . 0  amps 

See Curve 

c 3. 5% (100 ma) 

2 . 0  amps + 10% 
I 

8.88 

2.08 

2.22 

ED VA 
60V 

8.89 

2 .OS 

I_- 

- -- 

2.22 

8.90 

2.qa 

2.22 
- 
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ITEMS 

. E Cmax) out 

I O U t  

Iout 

% Regulation 

I (limit) 

POWER SUPPLY NO, 3 - CATHODE VAPORIZER 

SPECIFIED VALUE 

1O.OV at 

2.0 amps 

See Curve 

2A 

at 1OV 

c +5% 200 ma 

2.0 amps -F 10% 

MEA - 
53v 

1_3 

10.15 
at PC --- 

?.Ol 

1.78 

6 OV 
10.1 
- 

2.01 

1.84 
- 

LLUE 
8 ov 
10.15 
- 

--- 
--e 

2.01 

1.85 
- 

NTS 
REJECT 
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POWER SUPPLY NO. 4 - ARC SUPPLY 

ITEM 

E at NL 
out 2oma 

50 ma 
Eout at 2 amps 

3 amps 

4 amps 

5 amps 

6 amps 

7 amps 

8 amps 

9 amps 

I Reg. Ref 0.0 

0.0 

1 .o 

1.0 

2 .o 

2.0 

3.0 

3.0 

4.0 

4.0 

5.0 

5.0 

1 (max) 

(I arc + 
I Screen) 

I limit 

SPEC IF I E D  VALUE 

60V - 

37.0 volts 

- + 1% 180 ma 

10 amps 

10 amp + 10% 

- 
MEA! 

__I_ 

5 3v  
73.3 
51  .O 
48.9 
41.3 

41 .O 

40.7 

40.1 

40.0 

39.6 

39.4 

34.9 

1.92 

2.47 

2.45 

3.58 

4.50 

4.90 

--- 
7.28 

7.56 

8.67 

8.9 

9.50 

8.92 

9.95 
P 

IRED V1 
60V 

81.5 
57.1 
54.8 
41.2 

41 .O 

40.7 

40.0 

39.8 

39.5 

39.3 

35.3 

1.89 

2.47 

3.3 

3.6 

4.44 

4.91 

6.01 

6.23 

7.28 

7.54 

8.67 

8.93 

9.55 

8.95 

CII - 

9.95 
_I_ 

- 
tUE S - 

8 OV 
102.5 
76.4. 
70.8 
41.3 

40.9 

40.6 

40.3 

60.1 

39.9 

39.8 

35.8 

1.90 

2.44 

3.30 

3.62 

k.51 

k.89 

5.01 

5.22 

7.25 

7.55 

5.68 

8.93 

3.60 

8.94 

- 

10.00 
_I_ 

COM 
ACCEPT 

y 40V 

y 10v  

y 40V 

y 15V 

- Y 40V 

y 20Y 

y 35v  

- 25V v 

y 40V 

y 30V 

y 40V 

=; 35v  

NTS 
REJECT 
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I 

POWER SUPPLY NO. 4 - ARC SUPPLY (Continued) 
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POWER SUPPLY NO. 5 - BEAM SUPPLY 

ITEM 

E out N.L. 

Eout (nom) 

1 out  (nom) 

TM E o u t  (nom) 

TM I o u t  (nom) 

% Regulation 

E r i p p l e  peak 

E r i p p l e  + no i se  

I t r i p  

- 
SPECIFIED VfiLUES 

2200v 

2 ooov 
1 amp 

See Curve 

See Curve 

c + 1% 40 v o l t  

5% 100 v o l t  

--- 
1.1 amps 

- 
MI 

5 3' 
~ 080 
1070 

!loo 

- 
_I 

.-- 

I - -  

50 

.-- 

. .06r 
I_ 

- 
ICED Vi  

6 OV 

2 040 

2110 

1 

x 

60 

1.06 

UES 
8 OV 

2080 
2090 

2 1 1 1  

1 

-- 

--- 
--- 

80 

--- 
1.065 
- 

corn 
ACCEPT 
-- NTS 

REJECT 
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POWER SUPPLY NO. 6 - ACCELERATOR 

Eout (N *L * 1 

Eout (nominal) 

I (nominal) ou t  

'I'M Eout (nom.) 

'I'M Iout (Nom.) 

T Regulation 

E r i p p l e  (peak) 

E r i p p l e  + n o i s e  

' t r i p  

S P E C I F I E D  VALUES 

1100 v o l t s  

1000 v o l t s  

1 0  ma 

See curve 

See Curve 

- + 1% 22 v o l t s  

5% 50 v o l t s  

--- 
SO ma 

UES 
8 OV 

1230 

1118 
1090 
11 

20 

corn 
ACCEPT 

_. 

NTS ' 

mJECT 

1 4  



POWER SUPPLY NO. 7 - NEUTRALIZER HEATER 

S P E C I F I E D  VALUES 

12v 

3.4 amps 

c +5% 340 ma 

3.4 amp + 10% 

12.4 

3.43 

--- 
OK 

3.72 

ZED V1 
6 OV 

12.4 

3.43 

- 
- 

--- 
OK 

3.72 
- 

12.4 

3.43 

"-a 

OK 

3.72 
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POWER SUPPLY NO. 8 - NEUTRALIZER KEEPER 
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I ITEM 

% Regulation 

I l i m i t  

POWER SUPPLY NO. 9 - CATHODE HEATER 

SPECIFIED VALUES 

8.5 v o l t  

4.8 amps 

See curve 

+ 5% 480 ma 
c 

4.8 amp + 10% 

MEASURED VALUES 
53 60 80 

8 . 5  8 . 5  8.5 

4 . 8  4 . 8  4.8 

--- --e --- 
OK OK OK 

4 .73  4 . 7 3  4.7:  
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POWER SUPPLY NO. 1 0  - CATHODE KEEPER 

17.5 

13.5 

i ITEM 

17.5 

13.5 

/- I '  

400 

--- 
730 

Eout @ 20 ma 

Eout @ 100 ma 

Eout @ 200 ma 

Eout @ 300 ma 

Eout @ 400 ma 

Eout(nom)@500 ma 

E r i p p l e  peak 

Er ipp le  + no i se  

1 ( l i m i t )  

400 

--- 
730 

SPECIFIED VALUES 

300 v min 

1 ov 
2% 20 mv 

--- 
600 ma + 10% 

60V , 80V ' ACCEPT 'REJECT 
! 

5 3v 
39'. 5v 
2 90 

30.5 

26.9 

23.8 

20.7 

17.3 

13.5 

400 

--- 
730 

292 1 293 

30.8 I t::: 
27.0 

24.1 24.1 
i 

21.0 1 21.0 

18 



CONTROL LOOP CHARACTERISTICS 

2 M I N  
I 2  

E LINE = 53 v o l t s  

AI5 I5 REF 

0.00 v o l t s  ! 35.6 

1.00 Volts 35.7 

2.00 v 0 l t s ~ 3 5 . 3  

3.00 v o l t s  35.5 I 
4.00 volts I 35.6 

0.00 v o l t s  

1.00 v o l t s  

2.00 v o l t s  

3.00 v o l t s  

4.00 v o l t s  

. 5.00 v o l t s  

2.12 1.90 

3.37 1.95 

4.68 1.90 

6.04 1.98 

,7.41 1.90 

I = :  
I 5  

.484 

.682 

.781 

.982 

35.2 2.13 

35.3 3.37 

34.9 4.69 

35.0 6.05 

35.2 7.48 

35.1 8.91 , I 
I I 

MAIN VAPORIZER/BEAM 
. . .  . 

EE- 
c_L 

1 2  

1.77 

CCI 

1.75 

1.74 

1.72 

cI__ 

I = :  
I 5  

.502 

- - 

,697 

e 795 

.995 

- 

N 0.0 

0.0 

N 0.0 
N 

"N 0.0 

H. C . VAPORIZER/ARC 

E4 REF I 3  UPPER KNEE j 13'LOWER 
1 E4 i 1 4  I 3  i E4 1 I 4  

- 
NEE 
I3  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

.018 

.015 

.014 

.013 

- 
AE4 - 
0.4 

0.4 

0.4 

0.5 

0.4 

0.6 

- 

- 
AI2 

1.77 

1.75 

1.74 

1.72 

- 

- 
A I  3 - 
1.90 

1.95 

1.90 

1.98 

1.90 

1.90 

- 

LOOP G A I N  
A I  2 /A I 5  

98.1 

11 3 

124 

132 

LOOP G A I N  
AI3/AE4 
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CONTROL LOOP CHARACTERISTICS E LINE = 80 v o l t s  

.015 

MAIN VAPORIZE R/BE AM 

1.73 

1.74 .SO3 

1.74 .693 

1.83 .795 

1.73 1 .993 

. .  . . .  

M I N  
I 2  

0.0 

090 

"N 0.0 

0.0 

H.C. VAPORIZER/ARC 

135.9 
0.00 v o l t s  

135.6 
1.00 v o l t s  . 

2.00 v o l t s  ,135.6 
I 
i 

3.00 v o l t s  i35.5 

4.00 v o l t s  i35.8 

1 5.00 v o l t s  a35.9 

- _  

- 
PPER X 

14 

2.10 

3.35 

4.68 

6.05 

7.48 

8.97 

- - 
- 
3E - 
I3 - 

2.0 

1.93 

1.99 

1.90 

2.00 

1.90 

.AI5 i ~ 1 2  

020 

.015 

.023 

1.74' 

1.74 

1.74 

I 3  LOWER Kl 
E4 1 I 4  

35.2 1 7.48 

- 
#E - 

13 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

- 

- 
AE4 
_1 

0.8 

0.5 

0.6 

0.4 

0.6 

0.4 

LOOP GAIN 
A12/hI5 

- 
A I  3 - 
2.00 

1.93 

1.99 

1.90 

2.00 

1.90 

LOOP GAIN 
AI3/AE4 
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. , .* D. R. Garth 
20 J u l y  1970 

TRANSISTOR SPECIFI.CATION 

ST18037 -2 

Descr ipt ion - This  s p e c i f i c a t i o n  covers a s i l i c o n ,  NPN, power t r a n s i s t o r  intended 
f o r  i n v e r t e r  app l i ca t ions .  
r e l i a b i l i t y  space environments. 

The device i s  gene ra l ly  s u i t a b l e  f o r  use i n  high- 

Maximum Ratings 

Col lec tor  t o  Base Breakdown Voltage 
Col lec tor  t o  E m i t t e r  Breakdown Voltage 
E m i t t e r  t o  Base Breakdown Voltage 
Co l l ec to r  Current 
Base Current 
To ta l  Power Di s s ipa t ion  a t  TC = 100°C 
Junc t ion  Temperature 
Storage Temperature 
Thermal Resis tance 

BVCBO 
BVCEO 
BVBEO 
I C  
I B  
PT 

TSTg 
T j  

BJ-C 

32 5V 
325V 
12V 
20A 
5A 
67 w 
-65 t o  2OO0C 
-65 to 2OOOC 
1. 5OoC/W 

Physical Descr ipt ion - I s o l a t e d  TO-61 JEDEC r e g i s t e r e d  case.  Col lec tor  i s o l a t e d  
from case .  

- E l e c t r i c a l  Requirements 

TEST CONDITIONS LIMITS AT 2 5 O C  
e_ 

BVCBO 

BVE BO 

BVCEO 

ICBO 

ICE0 

VBE 
(SAT) 

SAT) 1 

SAT) 2 

%E 1 

hEE2 

hFE3 
tri- tf  

2 
- 

I C  = 10&A, I E  = 0 

I E  = 100 PA, 

I C  = 3 0 M ,  I B  = 0 

VCB = 275V, I E  = 0 

VCE = 2758, I B  = 0 

I C  = 10A, I B  = 1 A  

I C  = 8 A ,  I B  = 0.8A 

I C  = IOA,  I B  = 1 . O A  

VCE = 5V, I C  = 2A 

I C  = 0 

VCE-SV, I C  e 10A 

VCE = 5V, I C  = 20A 

tf ,+ 0.6 VCE(SAT)IC = 8 A ,  I B 1  = IB2 = 800m A 
. .  1 ( t  f 2  i s  IC r i s e  t i m e  i n  v s  

and VCE i n  v o l t s )  

I C  = 8 A ,  I B 1  = IB2 = 800 ~li A SAT 

IC = 8 A ,  I B 1  = IB2 = 800 m A  
s to rage  t 

325V min. 

12 V min. 

325V min. 

10 P A  max. 

50 p,A max. 

1.2V max. 

500 mv max. 

700 I& max . 
50 min 
150 max 

15 min. 

8 min. 

0.7 W.s max. 

1.0 max. 

2.0 ps max. 

1.0 v s  max. 

TEST PETHODfC 

300 1 

3026 

3011 

3036 

3041 

3066 

3071 

3071 

3076 
3076 

307 6 

3076 

Per Fig.  1 

Per Fig.  1 

Per F igs .  1 & 2 

Per Fig.  1 

*Per MIL-STD-750 21 



1) The e l e c t r i c a l  requirements s p e c i f i c a t i o n s  l i s t e d  here in  s h a l l  be t e s t e d  f o r  
a t  t h e  manufacturer on a 100% b a s i s .  

2) The u n i t  s h a l l  b e  capable  of withstanding a s t u d  torque of 15 inch-pounds 
maximum. 

3) The s a f e  ope ra t ing  a r e a ' i s  a s  shown i n  F igure  3. 

4 )  The p a r t  number ST18037 s h a l l  be c l e a r l y  marked on t h e  p a r t  and s e r i a l i z e d .  
Manufacturer ' s  t e s t  da t a  must accompany each l o t .  

5 )  Typical  t r a n s i s t o r  parameters must have t h e  same type of c h a r a c t e r i s t i c s  
a s  shown i n  F igure  4 .  

6) P a r t s  no t  complying t o  t h i s  s p e c i f i c a t i o n  as measured by Hughes s h a l l  be re- 
turned  t o  t h e  manufacturer f o r  refund o r  replacement.  The tes t  methods used 
by Hughes s h a l l  be mutual ly  agreed upon by Hughes and t h e  s u p p l i e r .  

7) The power de ra t ing  curve i s  g iven  i n  F igure  5. 

8) The d i e  must be coa ted  w i t h  Dow-Corning R62047 t o  prevent s h o r t i n g  o f  t h e  
u n i t  by weld s p l a t t e r .  

22 
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